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ABSTRACT

This report deucribes a study approach to the problem of developing
specifications for equipment for a radio backup to a landline fallout shelter
communications system. Consideration is given those aspects of sheiter
programs which contribute requirements for electrical performance of the
equipments. Discussions are inciuded concerning frequency availability and
usage, cost analysis, state of the art, recommmendations, and the report in-
cludes full apecifications for three types cf radio equipment.

The conrclusions reached during this study are that a radio backup to a
landline communications system is technically feasible and a substantial
savings in costs relative to that of presently availabie commercial rauio

equipment can be realized.
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SUMMARY

This report concerns itself with, and results in, speciiicaticns for solid
state trangmitters and receivers particularly suited to the needs of fallout
shelter communications by radio.

In order to evolve specifications for such equipment, certain basic
assurnptions are necessary concerning frequency availability, blast damage.
ava'.able power, and radiation effects. It was assumed that frequencies in
the Safety & Special Bands would be available, that no blast damage should
ne considered. that the equirment must operate from storage batteries as
well as power mains. and that radiation presented no barriers to the use of
solid state devices.

A prototype area was chosen to facilitate a general system concept. and
documents relating to the aspects of shelter life which generate communica-
tions requirements were studied. Based on conclusions drawn from these
endeavors, fundamental requirements concerning power output of the trans-
mitters and receiver sensitivity in each band were established. A practical
duty cvele was evolved tfrom studving the dav-by-davrequiremencts for com-
munications during the confinement period. This was relatedto battery drain,
and practical allowable input powers were determined, Storage batteries were
deemed particularly suitable for the standby power capability, and stulies
revealed that these devices were practical for the long-time storage re-
quiremeaents,

The evolution of general equipment requirements came about through a

study  of  environmental  conditions, Federal regulat. s governing the




operation of equipment in the specified frequency bands, and, of particular
im.sortance, the long-term maintenance requirements. These general re-
quirements, in the main, dictate the physical characteristics of the equip-
ments and such items as moisture absorption charenteristics, corrcsion,
case design, connecto. 8 and plugs, und operating controis.

The magnitude and scope of the project when viewed on a nationwide
scale are such as to militate a~einst standardization of antennas and trans-
mission line. An investigation was made, however, of commercially available
materials, and it was concluded that antenrias and lines are available to fit
the needs of virtually every conceivable case on a broad scale,

The state of the semiconductor art, as applicable to RF power tran-
sistors, and manufacturing techniques were investigated in an effort to de-
termine the cost and teasibility of equipments. Several manufacturers of
equipment and devices were visited and lengthy discussions were held. There
was unanimous concurrence in the ‘easibility of producing equipments in
accordance with the general specif.cations. Semiconductor manufacturers
furnished valuable insight into the: question of device availability and cost.
Based on these figures ‘and cther information, a cost analysis on each type
of equipment was made.

It was concluded that the program is technically feasible, that equip-
ments priced at iess than halftne costof commercially available equipments
can be obtained for the project. and that the specifications will lead to pro-
curement of equipment which {s suitable for use on a nationwide basis with
but few exceptions.

A detailed set of riechanical and electrical specifications for equipment

at 150 mc/3, 450 mc/s, and 950 mc/s is wncluced.

vi




CHAPTER I

INTRCDUCTION

The concept for a national fallout shelter program allows frr 3ome
means of communication between shelter management, the sheltered popu-
lation itself, andhigher echelons of civil authority. A previcus study indicated
that leased landline communication facilities were most practical for the
purpose. The need for some means of back-up {o thiz basic system is evi-
denced. Radio communication between echelous to be used when other means
fail is a suggested solution.

1.1 STATEMENT OF THE PROBLEM

This report is in response to Contract OCD-PS~-64-% between Gautrey &
Jones, Consulting Engineers, and the Office of Civil Defense, Depurtment
of Defense,

Article I, “Scope of Work,” of the Contract defines the problem in the
following terms:

A, The Contractor, in consultation and cooperationwith the Government,
shall furnish the necessary facilities, personnel and other services as mav
be required to study shelter facilities, communications components, equip-
ment. tecnniques and svstems, as snecifically provided in this Contract
generally consistent with the Contractor's propos.. dated Mav 31, 1963,

B. specitic Work and eevices shall include, but »ot be limited to, the
fetlow ing:

1. Develop specitications for prototype radio transmitters and re-
cefvers, utilizing appropriate sotd state techniques. and particularh
desined for the operating and storayge condiddons and ecconomy re-
quirted tor the shelter environment, and providing.

Lo Operation in the region of 950 megacveles, transmitter nutput

about 10 watts, sultable multiplexing,




b. Operation in the region of 950 megacycles, transmittervoutpnt

| about 3 watts.

c. Operation in the region of 450 megacycles, transmitter output
about 3 watts.

d. Operation in the region of 150 inegacycles, trsusmitter ouiput
~about 3 watts.

e, Operatioa In the region of 150 megacycles, transmitter cutput
about 1 watt,

2; Develop a family of antenna and transmission line configurations
suitable to the variety of environmental situations arising from the
group shelter identification and stocking program throughout the
Country.

1.2 ASSUMPTIONS

In any study which direcis itseif to those problems cof a sheltered popu-
lation in a post attack situation, certain basic assumptions are required to
define those parameters of the instant situation which characterize the prob-
able getieral conditions to be dealt with in the study.

In this specific study, some end point for design purposes must be
designated, and the operational roquirements for the equipments must be
stabllized according to the basic assumptions at the limits which are dic-
tated by economics and the basic needs.

A previous study of the Fallout Shelter Communications problem has
been conducted (OCD~-08-62-123, Gautney & Jores, Decemb.cr, 1962), In this
report, a basic landline syatem has been recemmended as the most econom-
ical and practical first-line communicalions i:edium, The first assumption,
therefore, is that tie raudio communications system will serve only as

a standby or backup facility to that landline system. This is a pertinent




agssumpticn from the frequency availability standpoint: however, the speci-
fications for radio equipment must consider a condition wherein certain

provosed landline circuits would be inoperative or non-existent.

A second assumption has been made concerning the availability of fre-
qguencies for this backup service. Duringthelist several years, the exparsion
of 2-way radio facilities as an aid to municipal government opesa.icn has
resulted in widespread distribution of freguencies throughout the United
States in the Fire, Police, Highway Maintenance, and Local Government
services, 1t is presumed that those communities which will seriously ap-
proach the problem of fallout protection for the population will probably have

an existing racio network operating in one or more of the above services,

Assumption number three requires that there be no suostantial blast
damage within the structure in question from the standpoint of communica-
tions equipment. Obviously if there is fallcut, a blast must have occurred

somewhe:, However, blast damage is beyond the scope of this report.

The fourth assumption whici must be made concerns the available pow-
er for operation of electricai communications equipment. It must be assumed
that, under conditions of fallout requiring the sheltering of the population,
the personnel operating and maintaining power systems will also take shelter
as required, How long the power systems may operate with less than full
manpower {s a matter for conjecture; however, certainly the power will
eventually fail at the consumer location without adequate care of the equip-

ment, switching at the power distribution points, andefficient supply cf fuel,

Any equipment, therefore, designed for operation in = fallout shelter
network must be capable of operation from emergency power sources as

well as 115-volt AC power mains,




The final assumption concerns the effect oi radiation upon solid state
devices in electrical circuits. It is known that the characteristice of semi-
conductors are altered in the presence of high radiation fields. For the
purpose of this study, it was assumed that, from the habitability standpoint,
the possible radiation effe~t would be negligible, I. :di=tion levels sufficiently
high to render changes in the characteristics of the devices eniployed in the
transmitters and receivers would certainly be beyond the human tolerance,
thereby obviating the basic requirement for communications.

1.3 PROCEDURE FOR PROBLEM SOLUTION

In order to facilitate the conceptual design of an cperational system,
it was neceszary to choose a prototype area of representative terrain,
topogranhy, and population density. This technique contributed a specific
solution to a probiem which could be fitted to the general problem on a
national scale.

A suitable prototvpe must have an area of hesvy population density,
contain rural areas, have both fiat and irregular terrain. and the area must
be progressive toward Civil Defense and possess a plan for fallout shelter
protection of the masses. Such an area is Montgomery County, Marviand.

Utilizing the prototype area and existing fallout shelter plan, a practical
system was established which would afford an operationa! capability con-
sistent with the requirements for communications as previously envisioned.
Ry pinpointi-1 the relative locations of shelter, precinct headquarters, area
headquarters and other headquarters for administrative and managerial con-
trol, it was possible to make certain determinations regarding frequency
usage, power outputs of the transmitters in the various frequency ranges.
isolation of networks, antenna gain requirements and cther general param-

eters of ihe subject equipments,
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It was necessary to study those documents relative to communication
requirements generated by a sheltered population, the likely environmental
conditions prevalent during shelter occupancy, and other material which,
while not directly applicable to the specific problem, did furnish a deener
insight into the overall problem of communicating during disasters and
emergencies. In addition, the applicable Rules and Regulations of the Federal
Communications Commission were studied to insure that the final specifica-
tions would procure equipment which was type acceptable and zuitable for
licensing in the appropriate services. Thes2 efforis made possible the
drafting of a simpic list of operational characteristics based on the back-
ground material studied and on certain system calculations which were made
in the study area.

At this point, an investigation of the staie of the art was undertaken.
Magazine advertisements, trade perindicals, technical papers. brochures.
and semiconductor specifications were perused for information regarding
high-frequency, power semiconductors. In addition, members of our staff
personally contacted manufacturers of semiconductor devices and commu-
nications equipment to discuss the state of the art at the engineering and
application levels. Possible configurations for semiconductor lineups were
discussed along with device costs on a “first-line” ind “fallout” Lasis.” In
this mamner the feasibility of the project was determined.

Bised on information trom the semiconductor engineering and sales
peopie, applicable costs figures for semiconductor complements were ob-

tained, Equipment manufacturers were asked to provide “ballpa.x” figures

“ A “fallout” device is a product which has failed to achieve all of the per-
formance characteristics of a particular type but is still perfectly capable
of being used in a circuit.




for construction costs based on existing product lines and in light of less
restrictive requirements for the equipments in question. This information
wis correlated to form the basis of a cost analysis for each of the desired
units.

1.4 CHANGES IN THE PROBLEM

In the course of making system calculations for the prototype area, it
bhecame apparent that certain of the contract stipulations regarding power
and service required adjustment.

Available frequencies, state of the art, and isolation of neiworks pre-
sented barriers‘ to the proposed equipment requirements which necessaitated
an eng;neering judgment regarding the feasibility of 10 watts at 950 mega-
cveles and the proposed use of this frequency band for long path service.
Subsequently, the requirement for 10 watts solid state at 950 megacycles
was reduced to 1 watt with a realignment of the echelon service require-
ments. Moreover, an additional requirement for transmitters capable of
approximately 3 watts output at 150 megacycles was obvious, This change
in concept was reported ina quarterly progress report uand, since no adverse
comments were received from the pDepartment of Defense, was adonted ws

a goal,




CHAPTER 11

THE SYSTEM CONCEPT

2.1 INTRODUCTION

In order to evolve specifications for equipment which will achieve the
desired inter-shelter communications requirements satisfactorily, it is
necessiary to make a preliminary svstem study for « representative area,
Consideration must be given to frequency availab.:ity, geometric locations
of fallout shelters or the various echeiun control headquarters. and the
factors which influence radio freguency transmission such as path length
and  topography. An analysis of these facets will enable recognition of
the generalizeu eguinment requirements.

Such a study will be discussed in this chapter. It must be emphasized.
however, that manyv of the conclusions reached regarding specific require-
ments for the study area may not be applicable to other parts of the
countrv., In addition. it will be recognized that a complete. detailed
svstem design has not been made, but rather a cursory treatment to facilitate
the ultimate  goal of this report --the development of specifications.
Nevertneless, a satisfactory svstem can be designed using the hasic equip-
ments with the specifications recommended herein,

2.2 FREQUENCIES AVAILABLE FOR
FATLOUT SHELTER COMMUNICATIONS

One of the more critical problems invoived in the corncept of tallout
shelter radio communications is the availatality ol frequencies tor the
purposc. The principal difticulty arises from the tact that the equipment
will be activated  tor Jrill purposes and tests, Since certain exersises
will be conducted during non-emergency perjods tor ‘raining purposes, the

transmitters must be leensed by the Federal Communications Commission,




Therefore, frequencies must be chosen on which communications concerned
only with the Civil Defense operation of iallout shelters are (;ftut.horized
when emergency conditions are non-existent,

The matter of licensing the equipment by the Federal Communications
Commission raises a question concerning the eligibility of the licensee.
It is upperent that the only practical way to insure efficient, organized em-
plovment of radio equipment for fallout shelter communications is to place
the equipment in the hands of a local government such as a town, city.
county. or state. Such licensees are authcorized tocarry out communications
concerning the various phases of governmental respc?nsibi]ities inthe Safety
and Special Services bands.

The present regulations of the Federal Communications Commission
couwcerning the allowable traffic in the Public Safety services require that
frearencies allocated for use by Police jurisdictions be used exclusively
for police business, The same restriction prevails for Fire and Highway
Maintenance allocations. Communities which are too small to support sepu-
rate communications facilities for each of the services, but which require
communications for the good operation of the Government, may muake use
of those frequencies allocated for Local Government use. In this service,
tratfic concerning uny phase of the Government operations mayv be passed,
This, of course, includes Civil Defepse messages and recuirerents,

These restrictions esscentially require that this equipment be licensed
in the Local Government Radio Service of the safety and special Radio
Services which is covered by Subpart B ot Part 89 of the Rules and Regula -
tions of the Federad Communications Cemmission,

Frequencices are allocated in this servioe in all portions of the spec.

trum set forth 15 the contract, In addition, many larger communitics, whore




allocation of additional frequercies may be difficult, already have author-
izations for stations in thi¢ service: and & communications system for
fallout shelters could be desiined, to a large extent, around those existing
frequencies.

The operational problems inherent in conducting drills and tests could
then be alleviated by arranging to have these practice operations occur on
weekends when normal traffic relative to the Local Government business is
minimized, {f existent.

2.3 THE STUDY AREA - MONTGOMERY COUNTY, MARYLAND

Montgomery County, Maryland, is a part of the Washington D.C.-
Maryland-Virginia metropolitan area and is contiguous to a portion of the
District of Columbia. As a result of this geographic position, the southeast
part of the County has an urban nature and highly concentrated population
distribution., The County is bounded on the north by predominantly rural
Howard and Frederick Counties, and it follows that the northern portion of
Montgomery County, Maryland, is rural in nature demographically and
geog'réphically.

The County approximates a trap- oi1 in shape withits major dimension
running from the northwest to the southeast, It is roughly 26 miles long and
22 miles wide, containing an érea of 493 square miles.

Topographically, the area is composed of low rolling hills, and its
elevation rises from less than 50 feet AMSL at the Potomac River on the
South to 850 feet in the area of Damascus to the North,

According to the 1960 Census of the United States, the population nf
Montgomery County i{s nearly 341,000, of which almost 90 per cent reside
in an area which i3 less than 10 miles from the District of Columbia

boundary,
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The attitude of the County toward Civil Delense measures is considered
very progressive. An underground Emergency Operating Center which will
house the County Government during periods of emergency has been con-
structed in Rockville, the County Seat, and is now operational, Further, all
of the County's communication control facilities for Police, Fire, Highway
Maintenance, Local Government, and Civil Defense are contained in the
Center. One of the major features of this Center is its use for the day-to-
- day operations of the County Government communications networks. Should
an emergency arise without warning, the communications centers are fully
staffed to handle the normal traffic loads. Moreover., the necessity of
familiarization with a new environment at the time when the emergency

occurs has been eliminated.
Of perhaps more importance to the immediate project, the Civil Defense

authorities have evolved a shelter plan for the population selecting, for the
most part. County-owned buildings as the sites for fzm/re fallout shelters.
An organizational structure has been set forth which relates Civil Defense
echelons to existing political subdivisions, such ;s districts and precincts.
The advantage of such a structure is obvious. The adult population is famil-
iar with these political subdivisions from the registration and voting pro-
cedures, and educational requirements are minimized in the light of prior

familiarity. A map showing the Civil Defense Districts is included for clar-

ification of this discussion.
For communications purposes, obviously these politicul subdivisions

must be further expanded to include subjacent control responsibilities de-
pending upon population density and/or traffic volume. The general coﬁ—
figuration of responsible subdivisional l;eadquarters is pyvramidal with each
echelon control point responsible for the safety, welfare, and good order of

the subordinate control points reporting to it.



For Montgomery County, the problem is greatly simplified by devising

nomenclature for identification of echelon levels as follows:
County (Emergency Operating Cehter. Rockville)
bistrict (13 election districts)
Area (combinations of precincts in heavily populated areas)
Precinct (87 voting precincts)
Shelter (fallout shelters in sufficient numbers to house the population)

It is felt that similar nomenclature will be useful and applicable to
the national problem. Heavily populated areas will require all of the sub-
divisions listed. Less densely populated areas will find it feasible to
aiuploy fewer echelons, Montgomery County affords examples of both.situa-

tions in guestion,

The rural districts of Lavtensville, Clarksburg, Poolesville, Potomac,
Barnesville, and Damascus do not require area or precinct control eche-
ions. On the other hand, the semi-urban Jdistricts of Rockville, Colesville,
uarnestowa, Olney, and Gaithersburg do not require area echelon ~cntrol
due to the small number of precincts involved.

The lengths of the transraission paths over which radio communica-
tion must he achieved are subject to variation due to varving population
density and echelon level, For instance, from County to District Headquar:
tera  the digtances range from S to 15 miles in ?slm*;u.zdrm-x"\' County. From
instrict to Aren in the urban cases, and from l)i.s‘trh'l to shelter in the
rura; areas, the transmission paths vary from 1 o 4 miles ixy length, The
distances  between  Area and Precinet and between Procinet :t:n«.»[_ shelter

cohrfons He ina range of from less than 1 to 3 niiles,
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2.4 TRANSMISSION PATH LENGTH VS FREQUENCY USAGE

Under the original radio back-up system concept. fromwhich the instant
contract evolved, the use of a frequency for communications was rigidly
related to a contrel echelon rather than to transmiseion path length. It must
be pointed out, however, that this earlier report concerned itsel{ mainly
with a generalized discussion of communications with primary emphasis on
a landiine system for a prototype area.

When the problein is viewed on a national scale with the fundamental
interésts being the most efficient use of radic equipment and frequencies,
it becomes much more practical to think of vsing the lower frequencies for
the transmission paths of the longest length, On the basis of free space at-
tenuation alone for the 15-mile paths listed above, it would require 10 times
as much radiated power at 450 megacycles and 40 times the power at 959
- megacycles to achieve communicationg thanwouldbe necessary at 150 mc/s,

In the upper level echelons, path lengths begin to increase, and a re-
quirement also exists for comrm.unications between several control points
at the same echelon level. In moest cases, this precludes the use of direc-
tional antennas, thereby limiting the power gain available through antenna
configurativn alone Assuming, however, that a 10 db omni-directional gain
in the horizontal plane could be realized, it would still require 12 times as
much input power to the transr itter to make up the :'gmaining deficiency at
950 megacycles considering achievable operating efficiencies. Obviously,
such unecono:nical use of the input nower would be intoleravle when operat-
ing from standby emergency power supplies.

On the other hand, in the congested areas of short path lengths where
network isolation is of major concern because of a guneral lack of an ade-

quate number of frequencies, the use of 950 megacycies would lnheréntly
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include a reduction factor of 40 which could be increased resdily through
the use of directional antennas, |

These factors dictated a change in the basicproblem. It is now apparent
that frequency usage must be related to path length and isolation require-
ments. Adopting this concept, the transmitter output powers can be reduced,
the emergency power supply requirements can be relaxed, and 4« more
efficient and economical system can be designed for any given area, There-
fore, communications for path lengths approaching 15 milgs would utilize
frequencies in the 150 mc band, regardless of echelon level, For intermediate
path length, 4506 megacycles would be uzed; and for short distances of 3 miles
and less, 950 megacycles would be chosen for densely populated areas. The
choice of frequencies. however, would be closely tied to frequency alloca-
tions for the area.
2.5 SYSTEM CALCULATIONS

System calcuiations have been made to determine the minimum per-
formance characteristics of the equipment in each frequency band based on
information gathered in studying the prototype area, In making these cal-
culations, certain assumptions have been adopted concerning the proposed
antenta heights, transmission line lengths, transmission path conditions,
and the type and quality of antennas and transmission line which muyv be used
in any system, Taese assumptions divect themselves to the predicted average
conditions, realizing that the individual situation mav vary considerably and
reodire adjustment,

An antenna height o 22 feet lias been assuaed for sl of the calculations,
since most of the fallout shelters spectfied in the study aren are pab!ic
buildings (many are schools), it is reasonable to expect that the roofs of

these buildings will be at an average height of 30 et above ground level.
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Higher elevations will ~nhance and lesser elevations will degrade the trans-
missjons over a ziven path, but it is felt that this is a logical average from

which to make general calculations.

The average transmission line length considered in these computations
Is 100 feet. If ih~ shelters are located in the basements of buildings having
a rooftop elevation of 30 feet, the total vertical length of line should not ex-
ceed 45 feet, This allows a total of 55 feet for horizontal displacement of

the antenna or radio equipment.

In all of the calculations, the existence of a line of sight between trans-
mitting and receiving antennas has been assumedand corrective loss factors
have been added to approximate average conditions. In certain areas of ex-
tremely rough terrain, some adjustment of the results would have to be made-.
However, for the purposes of determining necessary equipment pcrformance
for a national stocking program, this assumption is valid recognizing that
corrective action in special cases will be requiredto compensate tor irreg-

ularities in the terrain of a specific area.

With respect to the types andqualityof antennas and tr insmission lines,
examination has shown that equipmoent with characteristics similar to those
of the products coinmercially available at the present time will be suitable
for employment in the sample system, The avatlable gains and pattern
characteristics of today's antennas will satisiy the requirementsof the sys-
tem concept. Ot course, the duties of certain of the organizitional echctons
preclude the use of antennas with directiona! characte ristics, In addition,
the excessive attenuation of high frequencies. such as 950 megacveles,
milftates against the use of certain types of iransmisston lines in conned tion

with critical paths. Inthe main, however, gain and attenuation characteristics
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of commercially available products have beer. assumed to be satisfactory
for the purpose of these calculations.

One of tne factors which must be given carefu consideration is the
degradation in performance characterisiics of the equipment during the
storage period. It is recognized that this equipment must be used for drills
and .raining exercises, and it follows that some degradation will occur.
Moreover, the quality of maintenance in some cases may leave much to be
desired. Therefore, a compensaiing factor has been used in these calcula-
tions. This factor allows for a reduction inthe transraitier power output and’
a reduction in the receiver sensitivity to 50 per cent o’ their rated values.

The following pages show sample calculations for the longest trans-
mission paths encountered in the study area. Equipment characteristics
which will satisfactorily provide communications over these paths are also

shown,
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SAMPLE CALCULATIONS

Frequency: 150 megacycles
Path Length: 15 miles
Antenna Height: 30 feet = 4.6 A
Path Structure: 132 db
Transmission Line Losg (Xmtr): 1.5db
Transmitter Degradation: 3.0 db
Transmisgsion Line Loss (Rcvr): 1.5db
Receiver Degradation (Power). 3 db

Total System Loss: 141 db

3-Watt Transmitter: 4.8 dbw
Horizontal Gain Antenna (Xmtr): 5.8 db*
Power Delivered to Receiver Terminals: -139.4 dbw
Required Receiver Sensitivity: 2 uv

*Relative '0 a half-wave dipole
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Frequency:

Path Length:

Anterna Height:

Path Attenuation:

Assumed Shadow Loss:

Transmission Line Loss (Transmitter):
Transmitter Degradation:
Transmission Line Loss (Receiver):
Receiver Degradation:

Total System Loss:

3-Watt Transmitter

Horizontal Gain Antenna (Transmitter):
Horizontal Gain Antenna (Receiver):
Power Delivered to Receiver Terminals:

Required Receiver Sensitivity:

*Relative to a half-wave dipole

450 megacycles
10 miles
30 feet = 13.7 A
126.0 db
10.0 db
1.9 db**
3,0db
1,9 db**
_3.0db
145.8 db
4.8 dbw
5.8 db*
5.8 db*
-129.4 dbw

2.4 uv

**Higher quality transmission line would be used for this longer path.
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Frequency:

Path Length:

Antenna Height:

Path Attenuation:

Assumed Shadow Loss:

Transmission Line Loss (Transmitter):
Transmitter Degradation:
Transmission Line Loss (Receiver):
Receiver Degradation:

Total System Loss:

1-Watt Transmitter:

Horizontal Gain Antenna (Transmitter):

Unity Gain Antenna (Receiver):

Power Delivered to Receiver Terminals:

Required Receiver Sensitivity:

*Relative to a half-wave dipole

450 megacycle®
4 miles
30 feet = 13.7A
109.0 db
10 db
3.8 db
3db
3.8 db

3 db

132.6 db
0 dbw
5.8 db*
0 db*

-126.8 dbw

3 uv
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Frequency:

Path Length:
Antenna Height:
Path Attenuaticn:

Assumed Shadow Loss:

Transmission Line Loss (Transmitter):

Transmitter Degradation:
Transmission Line Loss (Receiver):
Receiver Degradation:

Total System I.oss:

1-Watt Transmitter:

Unity Gain Antenna (Transmitter):

Directional Antenna (Shelter):

Power Delivered to Receiver Termirals:

Required Receiver Sensitivity:

*Relative to a half-wave dipole

950 megacycles
3 niiles
30 feet = 29 A
103.0 db
20.0 db
2.9db
3.0db
2.9db
_3.0db_
134.8 db
¢ dbw
0 db*

10 db*

-124.8 dbw

4 uv
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CHAPTER III

GENERAL EQUIPMENT REQUIREMENTS

3.1 INTRODUCTION

The calculations shown in the previous chapter give 4 general indication
of the transmitter pcwers and receiver sensitivities necessary to provide
commun;cations within the study area. In order to completely speciiy the
general requirements, however, consideration must be given i~ the environ-
mental conditions to which the equipment will be subjected: the additionai
requirements imposed upon thetransmitters and receivers dueto operational
difficulties, government regulations, and cost; thetype and quality of antennas
and transmission lines to be included in a system design; and finally, the
most feasible source of emergency power to insure operation for the period

of confinement in the event of commercial power failure.

3.2 REQUIREMENTS CAUSED BY ENVIRONMENT AL CONDITIONS

Initial consideration of the environmen.al conditions posed so'neopera-
tional and storage requirements necessitating rather costly approaches. A
thorough analysis, however, of the temperature and humidity records through-
out the United States based on the normal and extreme shows that minor
precautions in cohstru.ct_ion practices coupled with Federal regulations con-
»cer’nmg_ transmitter cperation will suffice tc insure that physical sterage
and operational eavironments will not materially affect the capabilities of

the equipments,

The Federal Communications Commiasior requires that equipment
oparating to the hands of frequencies ander consideration for a failout snelter

communi-ations aetwork have a {requency stability over a wide range of

temperatures. In properly designed shelter space, 1ssuming adequate cubic
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space per person or air exchange in lieu thereof, no problems are antici-
pated in maintaining operation of ti:e equipment from the standpoint of
temperature,

Humidity, however, may pose some¢ restrictions on materials utii ced
in construction. Consideration must be given to the s&érage period and the
possible conditions existing in the assigned spaces. Many of the shelter
areas will be basements of buildings which have no means of humidity con-
trol. Assuming dampness to be prevalent in many locations, consideration
of the long-term absorption rates of coil forms, etched board substrates,
atc., will be an important factor in the overall design. Obviously, the use of
raper coil forms will be precluded and certain of the printed board sﬁb~
strates will be disqualified. This does not mean, however, that glass boards
are indicated or desired due to basic cost considerations. Certainly her-
metic sealing of the cases is not required. With suitable moisture-rroofing
of the boards, care in the choice of coil forms, components, and loud-
speaker cones, the equipment should withstand relative humiditics ap-
proaching 10C per cent without damage or degradation.

The human aspect of environmental conditions during the eme.gency
confinement period will require equipment configurations which otherwiss
would not be considerad. it cannot be expected that trained 'operatm'a will
be available trom among the sheltered population, In. fact, the equipment
should be so designed mechanically that {ts operationis obvious, If poasible,
it should resemble a plece of equipment which is familiar to most people.
To have the equipment designed to resembdle a telephone {s not practical
fron the mechanical standpoint  Most people, however, are somewhat
familtar with the common office Intercom either through experience, movies,

television. or personal observation. Thiz configuration, moreovsr, lends
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itself well to the mechanical problems involved in construction, storage,
and use. It is not considered wise, for example, to have & separsate micro-
phone with the units, There 'are advantages to be gained from a separate
microphone, Chiefly, these advantages concern the ease of operation. The
principal disadvantages are the fragility of the cable, possibility of theft,
and, perhaps most important, the unit can be allowed to fall and sustain
damage which would render the entire unit inoperative. Therefore, a micro-
phone which is enclosed within the unit housing seems indicated.

Ambient noise levels within tne shelters cannot be determined. It is
imperative, therefore, that some type of ezrpiece be available to enhance
the possibility of hearing and urderstanding the transmitted intelligence.
It may not be desirable from the psychological standpoint to have all mes-
sages heard by the passers-by. It is anticipated that the action of using the

earpiece will silence the loudspeaker. Aside from the possibility of a

psychological requirement, another advantage in conservation of power will

be gained during the times wh=zn the earpiece is utilized.
3.3 MAINTENANCE REQUIREMENTS

Other geaerai requirements for the equipraent are dictated by other than
environmental conditions. One of the major items of concern in the design
of equipments which will possibly b inatzlled in large numbers is the
maintenance problem. Wiuile many of the jurisdictiors which may possibly
install {sllout shelter communications will have adequate maintenance stafts
capable of utilizing teat equipment and effecting repairs, many will not be
so fort:nate.

In our investigation of the general conatruction program for the equip-
ments outlined in this report, consideration was given to the mortular con-

cept. This, of course, allows for basic testing and removal of defective
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circuits by relatively inexperienced meintenance personnel. The added cost
to the engineering and construction does not seem to warrant such an ap-
proach. The equipment will be sectionalized insofar as practicable and
commensurate with good engineering practice. Beyond this, an economic
barrier exists,

Those concessions to maintenance simplicity, aside from the mechani-
cal layout of components and housing, will be limited to external metering
at a common point with emphasis on a “go, no go® type of readout. This will
allow a routine maintenance check without the necessity of entering the
equipment enclosure, and can be accomplished with relatively inexperi-
enced personnel,

Moreover, the inherent reliability and long life of transistorized equip-
ment offers maximum relief to those responsible for maintaining a large
system, It ie expected that adequate ma‘ntenance canbe maintained utilizing
the above coucep! of testing and a 1 per cent spare unit stocking program
for each type of equipment installed. Under this concept, a determination
will be made concerning the operational capability of the equipment. Either
it will be within system design limits or it will not, If it does not meet the
requirements for the system design, it will be totally replaced and the de-
fective unit returned to a central meintenance point for repair.

3.4 REQUIREMENTS FOR MULTIPLEX TECHNIQUES

Cne of the contract requirements cgneerns itself with multiplexing
techniques. Our studies have indicated that there I8 no reed for wide-
spread use of multiplexing equipment., The expected traffic loads ' ‘thin
the pyramidal structure arc such that multiplexing will not be required
in any but unusual cases. In the largest metropolitan areas of the United

Stutes, it {8 possible that additional echelon control points will be required,




26

In such cases, a need for multiplexing can be foreseen between the overall
headquarters location and subordinate headquarters invarious sectors of the
area acting as distribution points much in the manner of general headquar-
ters in lesser populated areas. In these instances, justification exists for
the use of multiplex techniques, Such justification could only be determined,
however, through a cafeful analysis of the specific Syatem requirements,

Since the need will be extremely rare and will require specialiy de-
signed RF equipment for the purpose, it i3 economically unfeasible to con-
tinue further consideration. Transistorized equipment exists and is com-
merciaily available which makes use of multiplex technlque‘s. A few of the
manufacturers are currently investigating the use of semiconductors at
960 mc for multi-channel equipment. Notwithstanding the possibility of
commercially available semiconductor transmitters and receivers for this
frequency, it is felt that centers iarge enough to require multi-channel
operation to accommodate the traffic load will, in all likelihood, be large
enough and of sufficient impertance to the overall system to warrant stand-
by emergency generator capability, thus relieving the emergency power
supply requirement inherent in the use of this type of equipment. Specifica-
tions can be drafted for this serviceona case-by-cuse basis for the specific
system which will allow procurement of commercially availeble equipment
from a sufficiently large number of manufacturers to make it economical
to utilize this approach.
3.5 TRANSMITTER AND RECEIVER REQUIREMENTS

As shown in the calculations In the preceding chapter, tranamitter out-
put powers of 3 watts at 150mc, 1 or 3 watts at 450 mc and ' watt at 950 mc
will be suftable In nearly all cases for the fallout shelter communicati.ns

systems. In thnse {nstances where tigher powers are necessary, the effec-
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tive radiated power cau e augmented by utilizing antennas which offer hori-
zontal or directional gain characteristics. Thiz is a far more suitable
economic solution than developing equipments which are capable of gener-
ating higher outputs directly.

One of the more significant factors governing the remaining electrical
specifications for the transmitters is type acceptance by the Federal Com-
munications Commission. Certain fundamental operating characteristics
have been established and incorporated in the Rules and Regulations of the
Commission. One of these characteristics concerns the stability of the car-
rier frequency. In equipment wherein the input power to the amplifier ex-
ceeds 3 watts, the frequency must be maintained within .0005 per cent
between -30° C and +50° C. In s literal sense, each of the equipments for
which specifications have been drawn will require more than 3 watts input
to the final power amplifier. It is true that at the higher frequencies the in-
pui tc the final stage will be pure RF with no DC nower input; but, {o our
knowledge, no interpretation of this ruling with respect to passive multi-
plier stages has been made. The specifications, therefore, will require
.0005 per cent tolerance throughout the temperature range sy ecified.

Other specified requirements include the minimu'n acceptable attenua-
tion of spurjous and harmonic emissions, the maximum illowable frequency
deviaiion and bandwidth, and the highest permisgible modulating frequency.
These requircments are entirely consistent with the operating requirements
established in our studies of a prototype svstem. They appear to be nefther
overly restrictive nor inconsigtent with the overall goals.

As mentioned before. an external microphone i8 constdered a possible
source of fmilure due to environment and storage conditions in the shelterved

3

areas. In addition, the 2quipment will be made as siuple to phvsically
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operate as it is possible to design. The external controls will consist of a
“push-to-talk” lever which controis a wiping switch for voltage switching
between transmitter and receiver. This will eliminate the necessity for a
relay with possibly exposed contacts which are subject to corrosion during
storage.

The ott-on switch will be incorporated with the volume contrcl to ap-
proximate as closely as possible an ordinary radio control. Since the setting
of any squelch controls affect the basic sensitivity of the receiver, it is
planned to place this control either inside the case of the unit or to make
it a screwdriver adjustment. Some means of indicating that the set is opera-
tional during the transmit phase will be needed. This could possibly be a
lamp indication or an inexpensive meter marked in the conventional red.
yellow, green mode to indicate not working, working at less than full output,
and normal operation respectively. Such a device, while not necessary to
the operation of the site, would offer some measure of intelligence to the
cperator regarding in¢ condition of the unit,

The problem of background noise enters the picture with regard to
transmitter specifications. This factor will be compensated for oy circuitry
which will inhibit modulating signals at a level lower than the level of a
normal conversaticnal voice at a distance of 3 feet from the built-in micro-
phone,

The receiver requirements, as derived from system calculations, are
not stringent when compared to equipment presently avaliable commerciully.
hecetver sensitivities of 1 uv, 2 uv, and4 uv at 150 mc, 450 mce, and 950 me
respectively, will be satisfactory for use i{n a fallout shelter communion.-
tions system,

Since {t seems likely that little high power mobile activity will be taking
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-

place during the first few days of confinement and considering the low out-
put power levels contemplated for the equipment in the shelter system, the
selectivity requirements of the receiver maybe relaxed somewhat. Adjacent-
channel interference will not be the problem it is during normal periods.
Again, it is anticipated that tests and drills will be conducted during periods
when the problem of adjacent-channe]l interference wi'l he lessened as
always happens during slack communication periods.

The nrimary interest inithe back-up tallout systen is tc convey voice
intelligence on a point-to-point basis. No unusual fidelity will be required.
Morenver, tests conducted by Bell Laboratories have defined the limits of
destruction of intelligence when certain frequencies are suppressedor when
distortion is present. In light of the basic goals, the requirements fa: fre-
guency 1esponse and distortion of the audio signal may be less stringent
than that commercially available ioday. By relaxing these requirements
while still maintaining the requred tolerances the system, some sav-
ings can be realized in constructiion.

In the design of two-way mobile communications equipment and 'sso-
ciated base station equipment, the manufacturer must take into considera-
tion the motion of the mobile radio unit. The common practice {s to utilize
a discriminator with perhaps two stages of limiting ahead of it to compen-
sate for the rhythmic fading predominant {n this type of operation. The
bhiack-up svstem for fallout shelters will be & point-to-point network. There
will be no widespread need for direct mobile-to-shelter operation. The
receivers may be designed, therejore, with « ratio detector, thus elimi-
nating the need for excessive limiting 1o the preceding stages. This will
result in tewer components and lower cost. It {8 possible that squelch cir-

cults may become slightly more involved with the ¢limination of limiters,
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but not sufficiently to materially affect this cost saving ‘‘eature,

In the section dealing with environment, mention was n.adé of back-
ground noise and its possible effect in signal reception.' One aid in combﬁt—
ing this problem is the use of an earpiece. It was shown that this also re-
duced the input power since current drain increase; with an increase of
volume output. Another power saving technique is to specify the audio
power output of the receiver in terms of acoustic pover rather than elec-
trical input power. In this manner, the manufacturer may use a more
efficient transducer, resulting in less electrical power consumption while
still achieving the ultimate goal of adequate sound l:vel for receiving and
understanding voice intelligence. If the transducer is of good quality, it
may also satisfy the requirements for a microphone, thus eliminating still
another component in the unit,

3.6 REQUIREMENTS FOR ANTENNAS AND TRANSMISSION LINES

For purnoses of preliminary system calculations, it was assumed
that no requirements existed for power gain or directivity exceeding those
eommercially available in standard configuraticns. Typical gain and at-
tenuation figures of some of the antennas and transmission lines were used
in the computations. This was done in order to determine the required
el -trice! characteristics of the transmitters and receive-s in each band
of frequencies,

A thorough examination of the mechanical requirements of fnes and
antennas has been made in light of the possible environmnt during stor-
age periods as well as those environmental conditions which might exist in
the moments immediately following a blast.

One of the basic assuraptions for tle purpose of this report is that no

blast damage exists, and fallout radiation » rards have been the major cor-
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sideration in the basic resolutions regarding equipment characteristics.
However, it is considered of particular importance to determine the cap-
ability of antennas to withstand the eftects which follow a nuclear explosion.
These capabilities, however, must be viewed in the light of certain factory
concerning the mounting structures and locations which tend to place a
firite limit on the ultimate requirements.

Today's communications antennas are designed to withstand wind
velocities of between 100 and 125 miles per hour while loaded with 1/2”
of radial ice. In 1955, tests were conducted in Nevada to deterinine the
blast damage to commercially available antennas of a similar type to
those used in the calculations, It is interestiug to note that these antennas
withstood an overpressure of 5 PSI and sustained no damage detrimental to
continued oreration,

The vast majority of the buildings designated as shelters in the study
area are unre—inforced brick and masonry construction. It is our presump-
tion that this will prove to be thecase in most of the nation. It is reasonable
to assume that buildings of this construction will not retain any measure of
habitability .c fallout shelters follcwing overpressures of 5 PSI. To specify
antennas with mechanical ruggedness bevond those commercially available
is to place an unwarranted economic barrier in the path of ultimsate imple-
meatation of the program,

Presuming that the ubility to withstand 5 PUI (L the maximum mechani-
cal requirement for antennas, an investigation was undertaken to determine
the minimum mechanical ruggedness which would be acceptable for the
probable envirormental conditions. The record wind velocities for 45 citfes
In 31 states were collected, Of these, the minimum was 49 miles per hour

(true value) recorded at Cincinnati, Ohljo. The velocities range from this
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through 132 miles per hour recorded at Miami, Florida. Only four cities
recorded less than 60 miles per hour as a maximum wich the majority
exceeding 70 mph,

If these wind velocities are translated into terms of winds accompany-
ing overpressures, it i{s easy to see thaf the average overpressure require-
ment {8 in excess of 2 PSI. Antennas can be designed which will fit the
minimum -uggedness requirements. This, however, requires a develop-
mental pLrogram and results in an entirely new line of equipment which
would find little application commercially. While the cost of mat'erials for
the individual antenna would be less than those commercially avaiiable, no
real savings could be realized unless quantities in the thousands were to be
purchased. Information trom antenna manufacturers indicates that com-
mercial types of antennas would reach an agreeableprice break at a smaller
quantity figure and would not entail a developmental and engineering project.

Antennas are readily available which are omnidirectional in the hori-
zontal plane but directional in the vertical plane. This configuration re-
sults in “squeezing” of the radiated energy and gives an apparent power
gain when compared to a half-wave dipole. Antennas offering from 0 to 6
db gain at 150 mc and from C to 10 db at 450 mc and 950 mc can be obtained
from a number of manufacturers at a variety of prices. Directional an-
tennﬁs are avallable with power gains ranging from 3 db for the faniliar
cardioid to 10 db for the dua! Yagl and reflector tvypes of antennas. From
the electrical and mechanical standpuints, {t appears that antennas are
available on the open markei which are not only suitable, hut nearly per-
tectly designed for the purposc of a fallout shelter communication system.
it wou. | appeay, further, that the cholice of location and method of mount-

ing the antenna {8 a great:r problem than the choice of antenna itself,
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Certain antennas, which in themselves may well sustain 5 PSI without
damage. are of a configuration which would result in thrusts exceeding

20,000 pounds at the mounting points under these conditions,

Since the important operating characteristics of the transmission lines
are limited to attenuation and impedance, there appears to be no require-
ment for additional research in this field for the specific problem at hand.
Transmission line is also available commercially which is perfectly adap-
table to the systems contemplated. The choice of transmission line for an
individuas link will depend entirely upon the amo.nt of allowable attenuation
of the transmitted and received signals. Since the equipments will be
designed with a characieristic input and output impedance of 50 ohms, a
transmission line may be selected from this group which fits the needs of
the individual station. In general, the least expensive line which offers the

neces3sary attenuation characteristics will be used.

From the envircoamental standpcint, there seems to be but one require-
ment for transmiss‘on line. Normal installation technigues for transmission
lire result in clamps fastened to the wall which support the cable and hola
it rigidly in place. It is anticipated that most installiations will be in 1oca-
tions which have an inherent moisture or humidity preblem. For this reason,
1t 18 imperative that some measure be taken to insure t!.‘..n deterioration
of the transmission line does not occur during the storage phase, To avoid
the corrosive action of dissimilar metals in moist itmosphere, jacketed
t=ansmission line should be specified, regardless of tvpe. This will not
inhibft standard grounding requircmenis, but will protect the trausmission

Hne regaridless of path or structure.

A chart showing attenuation characteristics of four different qualitics
o1 37%% transmission line hav, 3 % charrcteristic impediance of 50 ohms s

shown cn the following page.
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3.7 EMERGENCY POWER REQUIREMENTS

One of the most compelling needs in any emergency network is that of
an adequate, economical, reliable standby power system which will function
if and when the commercial or other main source of power fails. A great
deal of attention has been given to this asnect of the contract since, as pre-
viously mentioned, it is almost -ertnin that commercial power will fail at
some point in time duritg the emergency confinement period.

It has been assumed that the emergency power supplies stipulatec in
the specifications contained herein will be used exclusively for the purrpose
of comumunications, and no, other life-sustaining appurtenances have been
considered in the choice of emergency power sources.

The features which seem most desirable in an emergency power suppiy
are as follows:

1. It must be reliable,

[ 3~

It must be economical.
3. It must require no maintenance during storage periods,

4. It must be quickly activated,

[}

It must be capable of operating the equipment for 1 2-week period,

6. It must be reaaily replaceable during the emergency,

Rigld adherence tn the requirements list above will quickly rule out
motor driven rotating generators ou perhaps five counts, small generators
do not have a reliabilitv suffictent to expect 2 weeks' trouble-free operii-
tion. Fuel storage is & problem. Iunitial cost is high. They will require
maintenance during storage, and they are not readily replaceable during
the emergency period,

Mechanical generators which are operated by Fumai: Dower also leave

much to be desiredd. A\t the tirae of commercial power faflure, these
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mechanical devices must be continuously supplied with manpower until the
end of the confinement period to meet the listening requirements for the
system. The pcussibility of a general lassitucde settling upon the sheltered
popuiation cannot be overlooked in this regard. It is not certain that men
can be compelled to operate such a device regardless of shelter condition.
Moreover, it creates a proklem cof eguitable distribuiion of the work load
among the available shelterees,

Fue' cells appear to have charactcristics which would fit "aost of the
reguirements, At this time, they are not economical, easily obtainable, nor
are they readily replaceable,

Meny otaer schemes have been considered and discarded because they
failed to mee: all the require ments for emergency power, We are left, there-
fore, with a stored ' nergy system such as batteriess

Undouttedly, suff ~lent dry batteries could be stored in a shelter to
afford 2 - ks’ operation. Dry batteries pcasess a finite shelf " ‘e unless
special precautions zr: afforded them during the storage perind. Watle it
is possikle that they mav ke readily replaceable in some areas (most drug
stores carry a good selection of batt>ries in reasonable quantities), ihis
premise does not hold on a nationwide scale.

One type of battery does meet the requirements with a degree of
reasonableness. This . the 12-volt storage hattery common!y utilized in
automobiiies.

Mos? trenststors designed far high frequency, bigh power applications
exhibad best efficlenc; at poteatdals in the vicinity of 25 to 50 volts DO,
Vur investigation has shown, as wil: be discuased in later scections, vat
efficfencies mav te obtatned whicnh aill allow operatinon at 12 volty while

Keepiag within the maximum input power limitations required for 2 wecks'
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operation. It is possible to purchase batteries witk terminal voltages which
better satisfy the requirements of the solid state techniques presently em-
ployed. Battery manufacturers have assured us that a departure from the
common *“Chevrolet type” battery will increase the initial cost by a factor
greater than two. Thus, the economy of the situation borders on the intoler-
able. We have, therefore, chosen the ordinary 12-voli auiomotive type
battery as the emergency power source for the equipment specified in this
contract.

Additional efforts were expended to determine the best possible type of
operation for the emergency power supply chosen. Two basic courses were
open to pursuit. First, the batteries could be placed on charge when in-
stalled. This would eliminate the requirement cfthe equipment for operation
from a 110 vc!t AC line altogether, thus creating an economic advantage.
It appears that the savings in eliminating this feature, however, would he
more than offset by the cost of charging apparestus. The most serious
economic obstacle to this type of operation is maintenance.

It has been estimated that, with excellent maintenance procedures,
such as bi-monthly inspections and water replacement, periodic dumpirg
and vecharging, the reilabie life expeciancy of a storage battery may be
extended to approximately 5 years. The cost of maintenance of this quulity
for the batteries alone excludes this procedure from further consideration.

Dry charge batteries have features which satiefy all of the supply re-
quirements nrovided simple protec*ive features are specified at *%¢ time
of purchase. The one factor which lirmits the 'ife expectancy of a dry charge
battery {s contamination. Thus, {f we cells are sealed agninst moisture,
dust, etc., at the time of purchase, a4 life expectancy ot approximately 10

veas {8 assured. Inaddition, upon filling witathe activator Quid (electrolnte)
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these batteries will be capable of delivering approximately 75 per cent of
rated charge immediately. After a short waiting period of perhaps an hour,
such accumulation of plate coating as may have occurred during storage
will have been dissolved and the battexr, will be capable of delivering nearly
100 per cent of rated capacity even after 8 or 10 years’ storage time,
Unfortunately, no exact empirical data exist for storage times of the length
mentioned. These figures are based on actual tests of unsealed batteries
after a period of 7 years,

As will be seen in the spacifications, our investigation of the state of
the art with respect to solid state techniques has convinced us that, with a
100 ampere-hour, 12-voit storage hattery, the full requirements of transmit
and receive will be met for the entire 2-week period considered and for the
predicted duty cycle of transmit versus receive.

In the event that the duty cycle at a specific location exceede the ex-
pected load and the battery deteriorates below an acceptable level, it is
likely that the radiation level will have decayed to a point which will allow
short-term excursions fron the shelter without danger of excessive radiu-
tion doses to the personnel, {t i3 almost certain that many abandoned vehicles
which contain replacement hatteries will be In the immediate vicinity of the
shelter. Therefore, it seems reasonable to expect that replacement for the

emergency power source could be obtained within 10 minutes shcuild the

need arise,
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CHAPTER 1V

EQUIPMENT AND SEMICONDUCTOR DEVICE AVAILABILITY

4.1 INTRODUCTION

When the general equipment requirements for a fallout shelter com-
munications system were realized, discussions were held with leading
manufacturers of 2-way communications equipment and semiconductor
devices in order to make a determination of present equipment and device

availability aiid probable future advances in the state of the art.

4.2 EQUIPMENT AVAILABILITY

At the present time, transistorized equipment is either in use or com-
mercially a: cilable in all of the frequency bands of interest in this study.
For the most part, however, this equipment is far more sophisticated than
is necessary inr a fallout shelter communications system and, consequently,
unduly expensive for such an application,

At least two manufacturers offer a l-watt transistorized transmitter-
receiver which operates in the 150 mc band. One of these companies has a
transistorized trunsmitter capable ot 3 watts RE output in this frequency
range. The receivers in (11 of these units have a sensitivity equal to or
greater than that required for fallout shelter use, In addition to a 150 me
unit, ave of these organizations also otfers for sale 4 transistorized trans-
mitter-recetver with an output of 250 milliwatts that operates in the 450 me

regicn of the spectrum,

A solid state transmitter with a rated outpur of 300 :niliwatts at 950
me has been developed Ly one of the manufacturers in the communications
indudtryv. (U is basically an extension of the 3-watt, 150 me transmitter dis-

cussed above followed by two added stages of varactor multiplication which
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enav'es a rduced output at the higher frequency. This equipment was de-
veloped under a contract for a special purpose which 1s not directly related
to 2-way voice communications and full information on its operation and
cost is not yet available, The concepts employed could, however, be adapted
for usc in the shelter communications system.

All of this equipment makes use of the latest packaging techniques and
miniature components are used extensively in the construction. The 150 mc
and 450 mc units are of the hani-held portable type of equipment. Although
dense packaging is not a requiement in the shelter system, the circuitry
employed is applirabie and thc existence of these units points out that the
overall technical objectives of this study can be realized today,

4.3 AVAILABILITY OF SEMICONDUCTCR DEVICES

Semiconducter devices which are capable of providing the output powers
contemplated for the communications systems are now available, but most
of the R¥ power transistors on the market today have heen designed for op-
timum performance at higher voltage levels than that to be specified in this
report. Many of these devices can, however, be employed at these lower
voltages with moderately reduced transfer efficiencies.

4.4 FUTUREL LEVICES AND CIRCUITRY

A eritical tactor {n obtaining powers of 1 watt and more at frequencies
over 150 me through the use ot solid state devices is the efficiency wich
which this has been done up to the present time, Since high frequency power
transistors have not been avallable in large quantities, most of the power
has been geacreted at lower frequencies and a loss in power has been ab-
sorbed during the frequency conversicn process using non-linear dicde
devices. Power transistors capable of directly producing up to 4 watts at

frequencies {n the nefghborhood of 450 mce are uow being made available,
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New transistor construction techniques, including changed geometrical ar-
rangements of the elemcuts, are being developed at the present time in
efforts directed toward raising the power-versus-frequency barrier,

In addition to the different construction methods of the devices them -
selves, new circuitry techniques are being investigated which will improve
frequency conversion efficlencies immensely, The application engineers
of one transistor manufacturer have breadboarded an amplifier circuit
which employs a power transistor as a power amplifier and variable re-
actance frequency multiplier simultaneously. This circuit has successfully
produced .n output of 4 watts at 580 mc,

Even though concentrated efforts are be2ing made at the nresent time
to produce high-frequency, high-power devices, the production of a transis-
tor capable of directly generating radioc frequency powers of any signifi-
cance at 950 mc will not be achieved in the near future. The use of varactor
devices for this purpose will still be applicable for the next couple of years.

Nevertheless, the representatives of all of the device manufacturers
are unanimcuas in the opinion that the objectives sought in this project can
be realized today and will be realized morc efficiently, from the stand-
points of power consumption and costs, within the next 2 or 3 vears. Be-
cause of the recent history {n technolog'cal advancements. no one is offer-

g a prediction bevond 3 vears.
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CHAPTER V

COST ESTIMATES
FOR FALLOUT SHELTER COMM!'NICATIONS

5.1 INTRODUCTION

During the meetings conducted with representatives of the manufac-
turers of communications equipment and solid state devices, discussions
were held concerning the probable costs of the equipment envisioned in this
project. In general, these people were, unde: standably, reluctant to give
definite price breakdowns and pointed out the difficulty of assigning cost
figures for the production of special purpose equipment at this early plan-
ning stage. In an effort to clarify the requirements, tentative electrical
specifications were drafted and prices for units in lots of 10,000 were dis-
cussed. Based on the study area, for which a plan exists contemplating
670 shelters and therefore more than 700 pieces of equipment, ar order of

10,000 units appears to be practical.

5.2 COST INFORMATION OBTAINED FROM EQUIPMENT
MANUFACTURERS DATA

The initia} information received from manufacturers of transnitter-
receiver devlg‘es indicates that the equipment, when ordered inlows of
10,000, will cost between $300 and $700, with the higher figure being ap-
plicable for the 950 megacycle units, This anticipates a rcduction over
conveniional miniaturized equipment. The !lowest estimatz obtained was
offered Ly a meanufacturer who suggested a trade-off between RF power
output and receiver sensitivity. Such a trade-off would make the equip-
ment apecifications almost identical to the performance characteristics
cf some of that menufacturer's communications equipment which is, in-

ctdentally, being marketed today. For the most part, however, no advantages
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in the overall system. i.e. performance versus cost, w,uld be realized
from this trade-off and a degradation would occur at the highcr frequencies.
gatimates based on this suggestion ranged from $300 to $450. Notwith-
standing this concept, it is felt that the equipment manufacturers have been
overly conservative (from their viewpoint) and may have overlooked some
cost scving techaiques.

Some of the iechniques have been mentioned earlier, for example,
using a ratlo detector in the receiver, the possible use of a combination
microphone-speaker, and the use ot standard size. rather than miniature,
components. Another possible cost saving technigue which should be con-
sidered by the manufacturers is the evriution of a family of equipment
which shares a common parent. For instance, a transimitter may be de-
signed for service at 150 mc which will deliver th> required power output
and deviation. The addition of multipliers will allow operation at increased
deviation at 450 mc and 950 mc at less power output. Efficiencies in mul«i-
pliers are such today that the required power output at the higher fre-
quencies may be realized through this technique.

Similarly, a basic receiver Ior the 450 mc service may be designed
which meets all the specifications required. The addition of another front
end will convert the receiver for use at 950 mc and still maintain the re-
quired bandwidth and other operational parameters. Unfortunately, narrow-
band requirements in the frequency ranges and services contemplated will
not allow the basic receiver at 150 mc to be utilized as the prime anteced-
erii unleas crystal filters u e utilized to limit bandwidth. This approach to
bandwidth is generally more costly, but a trade-off may be accomplished
which might m~! » it economically feasible to pursue this possibility. If a

common parent at 150 mc can be devised and utilized at sufficiently low
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cost to allow the use of crystal filters, this certainly should be considered

by the manufacturer during the developmental stage,
Based on some of these techniques and the information obtained from

device manufacturers, it is felt that a reductionin the above price estimates

can be expected.

5.3 COST INFORMATION OBTAINED FROM
SEMICONDUCTOR MANUFACTURERS

The manufacturers of solid state devices were - little more candid in
their price estimates and suggestions. One manufacturer pointed out the
posaibility of realizing a savings if the additional cost of a larger power
supply were traded off against using a srmaller numter of transistors and
obtaining a higher conversion efficiency. However, a full exploration of this
idea demonstrated that no significant savings wowd »e realized and the
added power supply replacement difficulties would militate against its

adoption,
The suggestion of another manufacturer proved exiremely helpful in

msaking a cost estimate, It wis pointed out that this equipment could be
manufactured using “kits” containing “tallout® devices at a greatly re-
duced cost to the equipment manufacturer. A “fallout” device is a product
which has falied to achieve all of the performance characteristics of a
particular type but is still perfectly capable of being used in a circuit.
For example, a transistor which {3 produced as part of a ruu of a type
guaranteed for 10 db power gain that only provides 8,5 db power gain is a
“fallout” device., A “kit® {3 a number of transistors which have Leen pie-
tested and are guaranteed, {f used together, tc achieve the performance
required. This manufacturer's estimate of the cost per kit of these devices
guaranteed to provide 1 watt a! 950 mc. based on an crider of 10,000, '

$25 to $30.
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The cost of a string of regular devices which are capalle of this per-
formance is appm:ximately three times this figure, As the production num-
bers and demands for the devices increase, the price will decrease. For
example, a power transistor which sold for over $190 less than three
years ago now costs less than $40.

5.4 ESTIMATED COST CF THE SHELTER COMMUNICATIONS EQUIPMENT

On the basis of the infcrmation obtained from the equipment and device
manufacturers, it is estimated that the equipment to be used at 150 mc will
cost approximately $250 per transmitter-receiver. The 950 mc equipment
will cost approximately $300. These figures assume orders in lots of
10,000 and include what is fe!t to be an adequate amount over the cost of
materials and production to insure a reasonable profit for the manufacturer.
- This price is expectad to decrease slightly, but not substantially, during
the next three years. The developmental and engineering costs for this
equipment cannot ke estimated but it is felt thai, for a program of this I
scope, such costs will be insiguificant. No prognosis beyond three years
can be offered due to the rate of technological advancement in this field,

Sealed, “dry charge® storage batteries, including the electrolyte, will
cost approximately $15 per transmitier-receiver. The ccst of each antenna
will depend upon the type contemplated and the frequency at which it will
be used but is expected to lie inthe range between $10 and $100 per shelter.
A price break due to ordering in large quantities {s expected when pur-
chasing transmission line ard, depending on the type and quality used. this
will cost between 10¢ and 45¢ per foot.

The total cost of the hardware (transmitter. receiver, antenna. trans-
mission line) for a given shelter will vary between a minimum of $280 at

150 mc to a2 maximum of $420 at 950 mc. The specific cost of each con: -
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plete station will be dependent upon the frequency and path length involved
and the measures which must be taken durii.g the installation to provide

satisfactory communications over its particular path,
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CHAPTER V1

CONCLUSIONS

The concept of a radio back-up to a primary landline fallout shelter
communications system utilizing solid state techniques and having the
akility to continue operation even though commercial power fails is tech-

nically feasible today.

The equipment operational requirements which have evolved frqm the
studies and calculations made during the course of this contract are con-
sidered conservative and are based on sound engineering practices and cur-
rent techniques. This modérate apprcach was adopted because of the
extremely broad scope of the project in terms of a nation-wide system
concept. Realistic propégation losses, transmission line losses, and an-
~ tenna gains have been used to determine the parameters of the system
based on minimum and maxirnum path lengths in the various frequeﬁcy

bands.

In many cases, the performance characteristics will be less severe
than those indicated by the theoretical calculations. In some cases, the
requirements will be more severe. In almost every case, however, techni-
ques and equipments are available to overcome the equipment deficiencies
~and to fit the units to the individual case.

A major item of basic hardware cost is reflected in transmission line
and antennas, As of today, the evolution of transmission lines and antennas
for service of the type required has reached a fairly high state. We héve
concluded that a sufficient variety of antennas and feed lines esxist which
are particularly suited to the requirements and environment expected. As

indicated in the section dealing with cost analysis, a considerable range
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of prices exists for external hardware in each of the frequency bands. This
is the one area in which the cost of an artual instaliation could be reduced.
For instance, good engineering practice indicates the use of type “N” cern-
nectors at the higher frequencies, 450 mc and 950 mc. This is based on
impedance mismatches which occur at fhe higher frequencies with the more
conventional t{ype conrnectors. Field tests qi’ prototyre equipmente ma& well
prove that less expensive connectors and line may be tolerated in a large
number of applications. /

The study has shown that equipments can be designed and built speci-
fically for the purpose of fallout shelter communications systems at less
than- half of the cost of existing equipments which}‘may be utilized for this
purpose. For ihstance, solid state equipments at 150 me, currently mar-
keted, which could be used for the purpose are pricec .t more than fwice
- the projected costs fcr units designed for fallout shelter communications.

In this context, an element of significant savings has been demonstrated.
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CHAPTER VII

SPECIFICATIONS

7.1 PURPOSE AND SCOPE

The purpose cf these specifications is tc set the minimum mechanical
standards and operating characteristics for frequency modulated transmitter -
receivers for use in a national fallout shelter communications program.

Equipments for this service must be capable of type acceptance by the
Federal Communications Commission for operation in the Safety and Special
- bands allocated frequencies. In general, three separate equipments are
represented in the specificutions in that operation will be required in the
region of 150 mc, 450 mc, and 950 mc.

The specifications contained herein have been evolved {from a compre-
hensive study of the nroblem. Because of the nature and scope of the overall
objectives, presently available equipment capable of surpassing the per-
formance requested, while technically attractive, is not economically feasible
for this purpose, The magnitude of the concept of a nationwide fallout shelter
program is such, however, that developmental costs for equipment specif-
ically tailored to thc project will be rather insignificant.

7.2 GENERAL CONSTRUCTION

A, Muaterials and components

The materials and components used in the construction of the equip-
ments specified shall be of adequate quality to insure cotapliance with
the specified operating characteristics under the conditions outlined,
To the greatest extent practicable, nonflammable materials will be
utiltzed th oughout, and materials, componeats, end insulation will be
wtilized which, upon failure or charring, will not generate fumes which

ale obnoxious or detrimental tothe healthofhumans in a confined space.




-3

50

Components utilized in this equipment, with the exceptic.. of semi-
cenductor devices, may be operated up to 100% of the continuous duty
rating for the item, but in no case will a component, .y reascn of de-
sign or accident, be inserted in a circuit which will cause the maximum
cot .inuous duty rating to be éxceeded.

Semiconductor devices used!‘:in the equipments must be rated such
that operation in accordance with the stated duty cycle will cause no
degradation of the performance of the equipment, andthe 1i"e expectancy
of the devices will not be jeopardized by such operation.

B. Component Size

No effort will be expended toward . ‘niaturization ofthe equipments,
No special miniaturized components will be utilized where less costly
standard sized components will otherwise meet the requirements,

C. Egquipment Layout

The mechanical and electrical design of the equipment will be such
as to facilitate maintenance of the equipments, Construction techniques
which require the removal of components in order to replace or test
other components wiil be unacceptable,

GINERAL REQUIREMENTS
A. Twpe acceptance

Tae equipments specified herein must comply with all applicable
rules and regulations of the Federal Communications Conuntssien
insotar as they concern the acceptance and lHeenge capabilties for the
service [ntended,

I3, Instruction Manuals
Inst-uction m-onuals are to be written such 1nat the average r.ohoe

technfcian can read and nterpret effectively the contents, Taese
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manuals will be comprehensivé and will inciude the following rpinimum
sections:

1. Coraplete description of operation.

2. Cornplete schematic diagrams.

3. Interconnection diaigrams.

4. Complete tuning and alignment procedures.

5. Installation instructions,

One instruction hook will be packed in the carton with each unit of
equipmen: furnished,

C. Safety Requirements

The equipments specified will be constructed mechanically and
electrically so as to meet the requirements of the National Board of
Fire Underwriters.

D. Use cf Metals

Protective treatment shall be ap;iied to inner surfaces and com-
ponent parts of the equipment subject to corrosion detrimental to
mechanical and electrical performaace. Prior to painting, steel parts
must be properly tonderized, copper-piated, or treated with other
suitable rust-retarding process. Plating shall not be applied to parts
where an undesirable electrolytic reaction may alter the serviceable
efiiclency of the resulting bimetallic contact,

All metallic psrts or items, other than corrosion-resisting steels,
Monel metal, aluminum and aluminum alloys, and the like, shall be
cadmium, copper, zinc, chromium, nickel, or silver plated by electro-
plating, or shall be bonderized ..nd painted with suitable corrosion-
resistart paints, in acrcordance with good engineering pcactices. Copper

alloys need not be s¢ coated where their function will not be impaired
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by the omission _of the coating., Welded or soldered items or parts
fabricated from sheet iron or steel, such as power transformer cases,
shall be 80 coated aftes all welding or soldering operations, Tin} plating
will be permitied in leu of other special platings, in such instances
where soldering forws a final assembly operaticn, as in the sealing of
a2 transformer csase or similar item, Items or' parts which require
forming operations in faktrication shall be so costed after completion
of all such operations. All such coating shall be uniform in thickness,
have good adherence, and be of the similar quality, chickness, and
adherence as i3 used in good commercial pfactice for equipment of
this type.

Nonferrous metals shall be employed in the construction whenever
practicable, particularly with respect to the radio frequency portions
of the equipment. This requirement also applies to metallic fasteners,
including belts, screws, nuts, and washers. When ferrous materials are
used in terminals and fasteners carrying low irequency or direct cur-
rents, they shall be suitably plated to provideproper electrical contacts
and corrosion-resisting quaiities,

Contact between dissimilar metals in the production of the equip-
ment shall be avoided. When it {s impracticable to grovide an alternate
for the use of dissimilar metals, the adjacent surfaces shall be sepa-
rated by electi'opln_.ting commepl-\i_:;te with good engineering practice,
The use of ccrfosion;reul:uﬁ.g'itéél or Monel metal in airect con-
tact with metals an:d/or alloys other than aluminum is acceptable,

E. Performance Standarda
All communications equipment, associated accessories, and their

component parts suli! meet or exc2ec the latest standards specified

]
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br the Eleétronic Indusiries Association (EIA), unlesgs otherv ;e speci~
fied herein.

DETAILED REQUIREMENTS

A. Equipment Enclosure

The enclosure for all equipments detailed in this specification
shall be constructed so as to b interchangeable between units
regardless of frequency band and shall contain the transmitter and
recciver. This enclosure shall be of the drawer type to allow the
front panel and chassis to be removed by sliding forward. The tcp
shall be removable and shall be held in place by suitable lips on the
front panel and rear panel of the enclosure. The entire assembly will
be capable of b ing closed and latched for iransport. NO KEY LOCK
WILL BE UTILIZED FOR THIS PURPOSE,

Perforationa or ventilation holes will not be permitted. Heat dis-
sipation must be accomplished by appropriate Leat-sinking and the
equipment must be impervious to dust. Perforations will be allowed
in the front panel' to accommodate the ioudspeaker and,s o~ microphore.
The speaker and microphone must, however, be atiached to tiie {runt
panel in such a manner as to exclude dust from penetrating the interior
chassis compartments.

The housing shall be finished {n accordance with existing Office of
Civil Defense (OCD) specifications as to color and inaignia.

B. Identification [abel

Each unit shall bear a suitable metal plateor other permauanent iden-
tification label which displavs the following information.

1. Model number.

2. FCC type cumber.
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3. Serial number.

4.

5.

Frequency.

Power output.

C. Controls and Indicators

Each contro! available to the operator shell have its functions suit-

ably designated by means of a metal plate, engraving in the panel, or

silk acreen marking on the panel. The following controls and indicators

shall be provided:

1.

[+3]

A push-to-talk or transmit/receive switch. This switch shall be
of the rotary type with wiping contacta. The activator arm shall
ke a lever similar in shape and appearance to the type commonly
employed in office intercom units. This fswiich will perform the
function of transferring the supply mltage from the receiver to
the transmitter and vice versa, | |
A combination off-on switch and volume control will be available
on the front panel,

A squelch adjustment may be available at the front, but will not
be fitted with a knob or long shaft. This adjustment, if available
at the front, will be a screwdriver adjustment,

A neon bulb will serve as piiot light when operating from 115-volt
AC sources. No pilot {ndicator wiil be available when operating
from the 12-volt [XC source.

A neon bulb, or other indicator. shall be provided which will tell
the operztor when the (rancmitter is operating. “he input power
to this Jevicy 2hnil be 0uunlled by the push-to-talk switch

mentioned above.
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D. Connectors

Only two connectors are required for the operation of this vnit. The
antenna connector will be uffixed to the front panel or front panel
lip and shall be & standard chassis-type female connector. At 150 mc
this connector may be a UHF type of the S0239 variety. At the higher
frequencies, the antenna connector must be type “N” cr equivalent so
as tn assure a good impedance match to the transmission line,

A jack to accept the plug on a ilow impedance earphone {single or
double) shall be mounted in the front panel. This jack will contain a
pair of normally closed contacts for the purpose of disconnecting the
loudspeaker when the earpicce plug is inserted in the jack.

E. Metering

All appropriate metering points in the transmitt<r anua receiver will
be terminaw.d in a mniti-contact, keved soc+ *t on the front panel,
Metering will be accomplished using ar external meter with switch
positions,

No panel-mounted meters ire required.

F. Accessories

The a(‘({'ssorlvs shall consist .of a single carpiece, cord, an ' nlug
of the low impedance tvpe, The capnnone shall be affixed to an ajust.
able headband, Tinse! wire may be used provided {t is sheathed with a
xuftable woven cloth or jlastic Nexible covering, and pravisiona are
made to mechanically affix the cord to the earpiece and plug to svoid
breaking the wires. The plug shall L stundard size,

G, Microphone-Speaker
The microphone an!or speaker shail be panel mounted, The o e

of the loudspeaker shall be so constriactiod or so treated &5 ' e
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moisture resistant during storage periods and use in areas of high
humidity. There is no objection to utilizing the loudspeaker as a micro-
phone provided a transducer of suitable quality is chosen so as to meet
the transmission and receiving distortion specifications listed.
H. Adjustments
Wherever possible, the mechanical design shall allow all tuning
adjustments to be made from the top of the chassis, A suitable adjust-
ment wili be incorporated for the purpose of adjusting the level of mod-
ulation in the transmitter. Warping capacitors shall be includea for the
purpose of fine frequency adjustments in the transmitter and receiver.
I. Relays
A relay for the purpose of switching the antenna ‘rom the receiver
to the tranariitter will be incorporated. This relay will be suitably
sealed from the effects of dirt and moistureso as to preclude corrosion |
- of the cortacts during long storage periods in infavorable environments.
No other relays are coasidered necessary to the cperation of the
equipment.
d. Duiy Cycle
The transmitting equipment specified herein shall be capable of the
following duty cycle without degradation in the power output:
1 minute on, 1 minute off for 15 minutes; then i minute on, ¢ min-
utes off for 8 hours,
The receivers in all units shall be capable of continuous operation,
K. Power Source
The oquipments described in this specification must be capable of
operating from a 117-volt AC line or a 12-volt DC storage battery. The

transmitters must suffer no more than 3 db performance degradation
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while operating from the AC line with line voltages between 105 and
130 volts AC. The design center for storage battery operation shall be
12.8 volts, Not more than 3 db transmitter degradation will be allow-
able with plus or minus 10% DC voltage variation. The frequency
stability must be maintained as specified hereinover a variation of plus
or minus 15%.

L. Cabling and Wiring

The units described herein shall be fitted with an AC attachment cord
not less than 10 feet in length. Battery cables shall be not less than 6 feet
in length and shall be'ﬁtte‘dwith 50 afnpere battery clamps or equivalent.
Battery élamps wﬁl be sheathed in éuitable insulating sleeves and color
coded as to polarity. A suitablc uethod of coiling, or otherwise storing.
the battery cables will be incorpurated on the rear of the equipment
housing. })

Internal cabling or wiringwill beneatly harnessed in accordance with
good engineering practice. Cabling between boards will utilize soldered
terminations.

M. Climate Conditions

The equipments specified herein shall be capable of operation in
areas where the temperatures may vary from minus 30°C to plus 50°C
and under conditions where the relative humidities range from 0 to 957,
N. Moisture Absorption

The substrates of printed circuit boards for the equipment described
shull be of a type which exhibits high resistance to long-term moisture
absorption. The use of piper coil forms is not acceptable. Coil forms
muat exhibit the same high resistance to moistiure absorption as indi-

cated above. Any components which utilize paper for covering or
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insulation must be treated so as to withstand the effects of moisture

under storage conditions, The finished boards will be treated with

moisture resistant lacquer or a suitable moisture resistant substance

to Inhibit corrosion of circuitfy and soldered connections.,

0. Circuit Beards

Because of the possibility of long storage periods under conditions

which foster corrasion, etc., plated through holes will not be acceptable.

Eyelets will be utilized, and the construction techniqués employed for

ingertion of the eyelets will reflect the latest research in this area.

Funnel-type zyelet inser;ion which allows the free flow of solder around

the eyelet is an example of newer techniques. All semiconducter fievices

employed in these units will be permanently soldered, and the use of

sockets for this purpose will not be acceptable.

P. Measuring Te hniques

The measurements employed to determine the electrical operating

characteristics of the units specified will be those applicable measure-

ment techniques specified by the Electronic Indusiries Association for

equipment of this type.
7.5 EUFCTRICAL OPERATINC CHARACTIRISTICS

It is the purpose of these specifications to set forth the minimum elec-
trical operatiig requirements for Frequency Modulated narrow-band radio
transmitters; and receivers capabla of providing two-way voice communica-
tions in a paiicnal! fallout shelter communications program,

The equipment shall be capable of simplex operatior on one of the
frequencies specified in Subpart E of Part 89 of Subchapter D of the Federal
Communications Commission’s Rules and Regulations in either the 150 me,

450 mc, or 950 mc regions.




A. Transmitter Requirements

153-159 mc 453-459 mc¢ 952-960 mc

Minimum RF power output 3 watts 1 watt 1 watt
Output impedance ~ 50 ohms 50 ohms 50 ohms
Maximum DC input power from

12-volt source {watts) 20 30 20
Freaguency stability of carrier

from -30"C to +50°C 0.0005% 0.0005% 0.0005%
Spurious and harmonic emission

attenuat.on 50 db 43 db 43 di
Maximum modulation deviation 5 ke £15 ke +15 ke
Maximum bandwidth 20 kc 40 kc 40 ke

Audio frequency response. The audio frequency response shall not vary

more than +1 or -3 db fromatrue 6 db per octave pre-emphasis char-
acteristic from 300 - 3000 cps as referred to the 1000 cps level,
Distortion. The audio frequency harmonic distortion shall not exceed
10% at 1000 cps for 2/3 of maximum deviation.

M hum and noise level. The FM hum and noise ievel shall be 40 db

below a modulation of 1000 cps for 2/3 of maximum deviation,
Modulation. Each transmitter, having a final power amplifier supnlied
with greater than 3 watts DC input power, shall be provided with a
device which will automatically prevent a modulation deviation greater
than that specified above, Fach such transmitter shall aiso be provided
with a low-pass audic filter, installed between the modulation limiter
and the modulation stage, which meets the following specifications:

At audio frequencies between 3 kc and 15 kc, the attenuation shall

L.. greater than the attenuation at 1 kc by at least 40 loglo (F/3) db,

where F is the audio frequency in kilocycles.
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B. Receiver Requirements

193-159 mc 453-459 mc 952-960 mc

Sensitivity for 20 db receiver

quieting 1uv 2 uv 4 uv
Threshold sensitivity of squelch  0.35 uv 0.8 uv 1.5 uv
Frequency stability from -30°C

to +50°C 0.0005% 0.0005% 0.0005%
Modulation acceptance bandwidth

at -5 dh 15 KC +15 ke +15 ke
Adjacent channel selectivity for

12 db SINAD 60 db 60 db 60 db
Spuricus response attenuation 70 db 7¢ db 70 db
Intermodulation response

attenuation 50 db 50 db 50 db
Input impedance - 50 ohms 50 ohms 50 ohms
Hum and noise ratio 40 db 40 db 40 db

Audio power output. There shall be sufficient audio output power when

driving a 3.2 ohm loudspeaker to insure a sound level of 80 db above
0.0002 dynes per square centimeter at a distance of 1" feet from the
loudspeaker when measured on a General Radio Type 1555-A Sound-
Survey meter, or its equivalent. The audio output power used to drive

a low impedance headphone shall be a minimum of 10 milliwatts.

Distcrtion. The maximum distortion of the receiver at 1000 cps modu-
lation shall be 15% when the loudspeaker i3 in use at rated output and

'10% when the headphones are in use at full volume,

Audio frequency response. The audio response of the receivers shall

not vary more than +2 to -3 dbwhen the loudspeaker is vsed, and shouid

not vary more than +1 to -3 db when the headphone is used, from a
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standard 6 db per octave de-emphagis curve over the frequency range
of 300 to 3000 cps, as referenced to 1000 cps.

Oscillator radiation. The receivers shall comply with Subpart C of

Part 15 of the Rules and Regulations of the Federal Communications

Commission.

DC input power. The maximum DC input power for the receiver shall

not exceed 00 milliwatts,




CHAPTER VIII

RECOMMENDATIONS

The specifications .or he equipmoiits required under the contract have
been evolved from a coinprehensive study of the requirements, envircnmental
conditions, operationzl problem's. and coast analysis standpoints. ¥ rom the
engineering standpoint. we have atiempted to be conservative wihin the
framework of good engineering practices, but always looking toward the
acquisition of quality equipments designed for the particular job and the
minimum cost.

The cost figures contained in the report represent the best judgment
based on device costs and manufacturer’s oractices, There is, however, an
element of latitude left to the contractors to take advantage of cost savings
techniques. Because of this latitude, actual costs figures may vary some-
what once a suitable prototvobe unit has been constructed,

Moreover, tests of prototype units may show areas of even greater cost
reduction. In addition, 2 true evaluation of the equipments is in order to in-
sure comapliance with the specifications, and an analysis of the equipments
under field conditicrs will result in units best suited io the particular job.

It is recommended that a developmental contract be issued which re-
sults in the procurement ot “our (%) complete units in each frequency band,
This number will be sufficient to conduct tests designed to prove the
efficiency and suitability of the units and compliance with the specifications.

It is also recommended that a test program be established for the pur-

vese of 7 thorough evaluation of the equipments.
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